Abstract
Introduction
Social media changes the way how people communicate with each other in personal and professional lives [19] . The latest ubiquitous form of social media based on mobile technologies allows people to stay connected anytime and anywhere [7] . Meanwhile, organizational tasks are increasingly dependent on social interactions as they become more complex and team-based [32] . Organizations adopt mobile social media to facilitate team building and task collaboration beyond face-to-face meetings [37] .
Mobile social media support work-related communications within and across organizational boundaries [13] . Through the mediation of technologies like mobile instant messaging (IM), project team members, external partners, customers, suppliers and other stakeholders are able to collaborate with each other [21, 35] . For multiorganization projects that involve cross-boundary and cross-space collaboration, in particular, mobile social media can greatly enhance team communications, relations, and performances [31, 41] .
Though existing studies provide helpful insights on mobile social media usage and outcome in virtual teams, there is still a research gap in between. It is possible that two comparable multi-organization projects use the same virtual collaboration tool, yet one becomes successful and the other fails. Based on the construal level theory, this study investigates the group dynamics and project characteristics that make the differences in the relationship between collaboration tool effectiveness and task performance. The findings may shed light on the best practices on team utilization of mobile social media as virtual collaboration tools for the success of multiorganization projects that vary in complexity.
Research Background

IS Effectiveness
It is almost impossible to optimize virtual team operations without understanding the technological effects of collaboration tools. The concept of information systems (IS) effectiveness captures how well technologies facilitate the completion of user tasks [28] . Researchers operationalize the concept to empirically examine the effectiveness of traditional organizational systems like transaction processing systems as well as collaboration tools like group decision-support systems [59, 71] .
In most of studies, IS effectiveness is used as the dependent variable similar to user satisfaction but of a wider scope [61] . Yet, its conceptualization is closely tied to the investigation of ultimate IS success in terms of net system benefits from task accomplishment [20] . More recently, researchers start to use it as an independent variable to predict the outcome of system usage such as task productivity [62] . Yet few have addressed the effectiveness of collaboration tools in virtual teams.
The relationship between IS effectiveness and success may not be as direct as it appears, especially in group settings. In addition to performance contribution, IS effectiveness is also closely related to user experience [44, 12] . In the virtual collaboration facilitated by mobile social media, task accomplishment depends on how well team members get along and work together through technology mediation.
Group Dynamics
How the members of a social network interact with each other for common goals concerns the concept of group dynamics [5] . It demands the understanding of collective whole rather than individual behavior [33] . Once a group forms, its functioning is shaped primarily by group structure and team performance, the iterative interplay between which drives the evolvement of group dynamics [25] .
Group structure defines the relations among team members [68] . It captures the roles and norms underlying the communication patterns within a group [36] . Rarely discussed or written down but emergent from social interactions, such a structural influence is a fundamental aspect of group dynamics that guide the behavior of individual members [30] . For virtual teams based on mobile social media, the formation of group structure depends on how members use available technological features [26] .
Rather than the simple aggregation of individual efforts, team performance is a synergy of performance gains from social facilitation in collaboration [25] . Social facilitation pertains to mutual support, encouragement and stimulation that motivate members in a group to do better [29] . Such an aspect of team performance can be denoted as contextual performance, which is distinguished from task performance [15] . Thus, team performance comprises two aspects: contextual performance related to social facilitation and task performance related to performance gains. For a multiorganization project facilitated by mobile social media, contextual performance is essential for team collaboration leading to task performance.
Project Characteristics
Compared with face-to-face teamwork, virtual collaboration through the mediation of computer technology is more challenging due to the effect of distance that filters out most of the social cues such as facial expression and body language [8, 66] . It is essential to develop relationships, share understanding, and build trust among the members of virtual teams for their collaboration with each other [52] . The more physically dispersed they are, the smaller chance there is for them to know and meet with each other in person. The primary characteristic of multi-organization projects, therefore, is geographic dispersion.
In addition to the spatial factor, the temporal factor also concerns the success of multi-organization projects. The longer a project lasts, the more chance it is exposed to uncertainties and risks associated with the changes in team composition, task requirement and external environment [34] . Thus, keeping the project duration as short as possible (under 3 years, 1 year preferable) is a major success factor [16] . Meanwhile, it takes time to develop relationships and trust among team members, which is critical for group cohesion, satisfaction and performance [11] . Thus, project duration may have some mixed effects on team performance.
Finally, team size is another project characteristic pertaining to the complexity of virtual collaboration. The increase in team size typically makes it more difficult for members to interact with each other and participate in teamwork, leading to negative consequences such as social loafing, member dissatisfaction, and group incoherence [14, 45] ). Thus, team size is found to have a negative impact on team performance and project success [2] . Similar to project duration, however, team size may also bring benefits like the collection of diversified information/views and the access to various capabilities [46] .
Theoretical Framework
In multi-organization projects, team members work together beyond spatial, temporal and organizational boundaries through the facilitation of technologies like mobile social media. They develop the norms underlying the communication patterns after their teams are formed, and each team is unique depending on technological functionalities, member compositions and task settings [42] . Figure 1 conceptualizes IS effectiveness, group dynamics and project characteristics in the context of virtual collaboration to understand their influences on team development.
Figure 1. Virtual team development
Derived from IS effectiveness, collaboration tool effectiveness captures how well technologies like mobile social media facilitate the communication and cooperation among the members of virtual teams. The use of new-generation collaboration tools induces different procedures of information sharing and decision-making in virtual teams [64] . Procedure agreeability taps how receptive team members are to the group structure aspect (i.e. communication patterns) of group dynamics as shaped by the use of technology. The team performance aspect of group dynamics comprises contextual performance concerning relationship building and mutual support, and task performance concerning ultimate deliverables. Finally, the technology-facilitated group dynamics evolve in virtual collaboration complexity associated with geographic dispersion, project duration and team size.
Construal level theory provides a useful lens to look into virtual team development in terms of the relationships among relevant constructs. The theory posits that the concreteness of people's thinking about something depends on its psychological distance to them [63] . The most important dimensions of psychological distance include temporal, spatial, social and hypothetical distances [6] . Concerning the concreteness of collaborative activities to multi-organization team members, temporal, spatial and social distances pertain to project duration, geographic dispersion and team size, respectively.
Hypothetical distance concerns whether an occurrence of an event is probable. In a multiorganization project, it indicates the perceived likelihood of "collaborative" activities (i.e. being constructive rather than destructive). A major obstacle of virtual collaboration is the risk involved in team member communication (e.g. ignorance, rejection, conflict) [18] . As well-accepted procedure leads to foreseeable outcome, hypothetical distance is closely related to procedure agreeability.
Mobile social media greatly reduces the temporal, spatial and social distances of collaborative activities to team members. The new communication platforms support both synchronous and asynchronous communication among team members no matter how dispersed they are. In addition, everyone can make messages visible by the others, which largely removes communicative barriers due to the traditional hierarchical structure of each organization. Such a flat structure of "all-channel" group communication minimizes the social distance [56] . The reduction of the three aspects of psychological distance manifests collaborative tool effectiveness.
The use of technology, however, does not automatically reduce hypothetical distance. Rather, it relies on how well communication patterns are established to avoid uncertainty and vulnerability.
Based on the understanding the virtual team development, a research model is proposed as shown in Figure 2 . Laying the technical foundation, collaboration tool effectiveness is the exogenous variable as mobile social media overcome the temporal, spatial, and social dimensions of psychological distance. Communication patterns are established to regulate group collaboration, which also shapes the former in the process. Reflecting the hypothetical distance, procedure agreeability serves as the mediator between collaboration tool effectiveness and team performance variables including contextual performance and task performance. The socio-technical phenomenon is contextualized in virtual collaboration complexity comprising geographic dispersion, team size, and project duration, which serve as moderators.
Figure 2. Research model
It is found that the satisfaction of team members regarding project process is closely related with their use of collaborative technologies, and eventually affects the results of teamwork [54] . In this study, procedure agreeability captures such an aspect of user perception regarding the technology-facilitated collaboration process. In group decision-support system (GDSS) research, it is also found that that user satisfactions with the technology, decision process and decision outcome are closely related with each other [51] . Multi-organization projects have much longer durations than GDSS sessions involving project conception and initiation, project definition and planning, project launch and execution, project performance and control, and project close [22] . As the use of collaboration tools like mobile social media permeates the whole process, collaboration tool effectiveness is likely to have a direct impact on procedure agreeability.
H1: Collaboration Tool Effectiveness has a positive effect on Procedure Agreeability.
A multi-organization project involves a large number of stakeholders within and across organizational boundaries, and team performance depends on not only task completion but also the establishment and maintenance of good working/social relationships. The two aspects of team performance, task performance and contextual performance, concerns the core processes of group functioning on job-specific and non-job-specific behaviors respectively [9] . Conway [15] argues that contextual performance is essentially the same with Organ's [48] recent conception of organizational citizenship behavior that coworkers show dedication and support to each other. In virtual teams, both contextual performance and task performance of members depend on how effectively they use collaboration tools to coordinate tasks and help each other.
H2: Collaboration Tool Effectiveness has a positive effect on Contextual Performance.
H3: Collaboration Tool Effectiveness has a positive effect on Task Performance.
In a virtual team highly depending on computermediated communication, it is essential that members agree with the way that they interact with each other through collaboration tools like mobile social media to engage in relationship building and task accomplishment [60, 23] . When team members are satisfied with project processes (i.e. procedure agreeability), the group is likely to have a good cooperative atmosphere (i.e. contextual performance) that is conducive to the accomplishment of tasks (i.e. task performance) [43] . Thus, there is supposed to be a partial mediation between procedure agreeability and task performance through contextual performance.
H4: Procedure Agreeability has a positive effect on Contextual Performance.
H5: Procedure Agreeability has a positive effect on Task Performance.
H6: Contextual Performance has a positive effect on Task Performance.
Member dispersion defines a virtual team and poses a big challenge for collaborative effort [47] . In some cases, however, it may bring some unique benefits, such as enhanced innovation quality [40] . In a multi-organization project, the use of collaboration tools like mobile social media leads to the establishment of a shared mental model among geographically distributed team members, which enables collaborative effort [3] . The physical distances among team members shape the shared mental model in terms of social ties, rapport, and transactive memory that are critical for team performance [39] . Thus, geographic dispersion may make a difference in how collaboration tool effectiveness influences different aspects of group dynamics.
H7a
Compared with smaller teams, it is harder for larger teams to control schedule, cost and quality [50] . On the other hand, big project teams usually have richer resources and may achieve more than medium and small ones when their collaborative efforts are well facilitated [70] . Similar to team size, project duration is another risk factor for virtual teams. Compared with shortterm projects, long-term projects require more resources and managerial controls to cope with increased risks [50] . In IT outsourcing projects, for instance, project duration is found to have a negative impact on project success [38] . On the other hand, it takes time to develop the relations among virtual team members through technology facilitation [49] . For multi-organization projects, it is especially important for team members to establish mutual understanding and trust [58] . Thus, project duration may play different moderating roles in how collaboration tool effectiveness influences various aspects of group dynamics.
H9a: Project Duration moderates the relationship between Collaboration Tool Effectiveness and Procedure Agreeability.
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H9b: Project Duration moderates the relationship between Collaboration Tool Effectiveness and Contextual Performance.
H9c: Project Duration moderates the relationship between Collaboration Tool Effectiveness and Task Performance.
The use of mobile social media greatly reduces psychological distance in terms of temporal, spatial and social dimensions. Thus, it is likely that the hypothesized moderating effects turn out to be insignificant or opposite in the directions as commonly believed. For instance, geographic dispersion is usually considered a negative factor in traditional teams. In technology-enabled virtual teams, however, it may no longer have a negative impact, but even lead to some positive outcome (e.g. diversity and creativity). To accommodate different possibilities, the directions of moderating effects are not specified and they will be assessed with twotailed tests.
Methodology
Research Design
For testing hypothesized relationships, this study designs a survey to collect empirical observations. The target population is team members who use mobile social media as collaboration tools in multiorganization projects. First released in January 2011 by Tencent in China, WeChat is a mobile social media platform that supports services like texting, group chat, broadcast messaging, moments, voice/video call, photograph/video sharing, location exploration, payment and city service (https://en.wikipedia.org/wiki/WeChat). In China, therefore, WeChat has become a very popular collaboration tool for project team members to work together through multimedia and multimodal communication anywhere and anytime [17] .
The target population comprises the members of multi-organization teams using WeChat. It is hard to find participants that meet both conditions using random sampling. As a practical compromise, a snowball sampling is used to collect data in China. The initial list was obtained from one advanced manager training center and two executive MBA programs. The contacts received a WeChat invitation that contained the survey link, and were also encouraged to distribute the message to other business associates that they know in person. Before filling out the questionnaire, each participant answered two filtering questions on whether s/he had been involved in any multi-organization projects and whether WeChat was used. This study does not differentiate the roles (e.g. leader, member) that participant plays due to the flat structure of multipleorganization project teams based on mobile social media.
Subjects
At the end of a two-month period, 273 valid responses were collected. The final pool of participants had actual experience of using WeChat in multi-organization projects, and they dispersed over 6 major cities (Shanghai, Guangzhou, Shenzhen, Xi'an, Jinan, and Nanjing) in China. Following the practice recommended by Armstrong and Overton [4] to assess selection bias, early and late responses were compared. There were no significant differences between the first 50 responses and last 50 responses on the averages of any variables. As the late respondents might hesitate to participate in comparison with early respondents, the lack of differences suggested no serious selection bias.
Gender distribution was largely balanced, with males a little bit more than females. More than half of the participants were under the age of 30, and less than ten percent were above 40. The roles that they play reflect typical team structure: most were at the operational level than those at the managerial and executive levels. In terms of duration of projects, more than two thirds were short-term projects within a year, and a little bit more than 10 percent were long-term projects lasting more than two years. Similarly, most of the teams were small or medium in size comprising fewer than 50 members, whereas 15% had 50 or more members. The geographic dispersion of the multi-organization teams, on the other hand, was more balanced: a little bit more than half of the teams were located in the same region, whereas the others were distributed over different regions or across different countries.
Measurement
The psychometric instruments in the questionnaire were adapted from previous studies. The measures of collaboration tool effectiveness were based on IS effectiveness scale [12] . Procedure agreeability was measured with the items used in the studies by Green and Taber [27] and Briggs, Reinig and Vreede [10] . Contextual performance and task performance were measured with the scales from Farh and Cheng [24] and Van Scotter and Motowidlo [65] . The specific wording was adapted to the context of this study.
For the four psychological constructs measured with Likert scale items, common method bias was assessed with Harman's one-factor test [53, 55] . Exploratory factor analysis showed that the first overall principal component accounted for 33.03% of total variance, less than half of 67.41% explained by the four major components of Eigen values greater than one. In confirmatory factor analysis, similarly, the default 4-factor model yielded chi-square to degree-of-freedom ratio of 2.92, which was much smaller than 10.93 from the one-factor model, even smaller than 2.97 from the 5-factor model with the additional overall factor. Thus, common method bias did not pose a threat as individual factors explained more variance than the overall factor. Table 1 reports measurement validation results. All coefficients Alpha were above the threshold of 0.7, and the internal consistency reflects the convergent validity among each construct's indicators. Meanwhile, constructs are not supposed to be highly correlated for discriminant validity. In this study, the highest correlation coefficient was lower than the smallest square roots of average variance extracted (AVE). With the supporting evidence of measurement validity, the descriptive statistics of each construct were calculated and average responses showed no abnormal patterns. Partial least square structural equation modeling (PLS-SEM) is an appropriate technique to test the research model that involves latent variables and contains both mediating and moderating relationships. Table 2 gives the standardized estimates of path coefficients. There was supporting evidence for two thirds of the hypothesized relationships. The estimates of the first six paths were all positive as hypothesized (H1-H6). Moderating relationships exhibited a mixture of positive and negative patterns, which is somewhat expected.
Results
There was a partial mediation between collaboration tool effectiveness and contextual performance through procedure agreeability, but a full mediation in the case of task performance. Geographical dispersion and team size positively moderated the relationship between collaboration tool effectiveness and procedure agreeability, but project duration served as a negative moderator. For contextual performance, team size and project duration played opposite roles, negative and positive moderators, respectively. The only significant moderator in the case of task performance was project duration that negatively moderated its relationship with collaboration tool effectiveness. 
Discussions
The findings yield some interesting insights and important implications. First of all, the salient mediating and moderating relationships support the conceptualization of virtual team development as a contextualized hierarchy in terms of technology use, norm formation, and team performance under the influence of project characteristics. The existing literature mainly examines the technological factors related to collaboration tools, such as usability and technology-task fit [57, 1] . This study fills the research gap between technology use and task performance by investigating group dynamics in the context of virtual collaboration complexity.
Specifically, the hierarchy of virtual team development is modeled as the direct and mediating Page 548 relationships among collaboration tool effectiveness (exogenous variable), procedure agreeability (endogenous variable with one incoming path), contextual performance (two incoming paths) and task performance (three incoming paths). The results indicate partial mediation through procedure agreeability from collaboration tool effectiveness to contextual performance, but full mediation to task performance. This is explainable as task performance is further away from collaboration tool effectiveness than contextual performance in the hierarchy. Reflecting the hypothetical distance of collaborative activities to team members, procedure agreeability affects social interaction before task cooperation.
In addition, this study demonstrates that virtual team development is subject to the moderation of project characteristics. Similarly, all three moderators are salient for procedure agreeability, two for contextual performance, and only one for task performance. The closer an aspect of group dynamics is to collaboration tool effectiveness, the more affected their relationship is by virtual collaboration complexity. This makes sense because mobile social media as new-generation collaboration tools are able to overcome the temporal, spatial, and social aspects of psychological distance, which then leads to performance enhancement. Among the nine moderating effects, three were insignificant and the rest were half negative and half positive. Thus, the use of new technology largely mitigates the negative impacts of complexity factors.
Geographic dispersion positively moderates the relationship between collaboration tool effectiveness and procedure agreeability. Except for that, it does not have direct impacts on any aspects of group dynamics nor moderating effects on team performances. As the fundamental project characteristic that defines virtual teams and demands the use of mobile social media, geographic dispersion mainly makes a difference in how technology use affects norm formation. The further away the team members are from each other, the stronger the relationship becomes, as they are more dependent on mobile social media to communicate with each other. The use of social media is conducive to more open/flat structures so that team members can direct contact each other [67] . This is especially important for more dispersed virtual teams.
Team size, on the other hand, makes differences on procedure agreeability and contextual performance (but not task performance) through the interaction with collaboration tool effectiveness. The bigger a team is, it is harder for everyone to agree on how to carry out collaboration; yet effective collaboration tools like mobile social media may expedite norm formation. On the other hand, a smaller group for a multi-organization project means that a higher proportion of people do not know each other in person, which leads to a lower contextual performance. Yet the effective use of mobile social media as collaboration tools may reverse the trend.
Finally, project duration has significant moderating effects on all aspects of group dynamics. When a multi-organization project has a longer cycle, team members have more time to adjust to each other and complete tasks, albeit be more susceptible to personal conflicts. This explains its negative effect on contextual performance. A shorter project, on the other hand, brings a sense of urgency, and mobile social media is able to facilitate the collaboration process more effectively than traditional methods. Thus, collaboration tool effectiveness has stronger relationships with procedure agreeability and task performance when project duration is shorter. Of course, there is a lack of time for members to mingle with each other, leading to worse contextual performance.
For a multi-organization project, therefore, it is better off to strike a balance between project duration and team size, whereas geographic dispersion is mostly predetermined. With the help of mobile social media, multi-organization project managers may consider increasing team size to some extent and making project duration relatively short. This is somewhat contradictory to the conventional belief that a team should be kept as lean as possible, or member collaboration may easily get out of control. With the facilitation of new collaborative technologies, however, virtual team development becomes faster and smoother.
The findings provide some hints on the best practices of using mobile social media in multiorganization teams. Through the shared platform, team members join a group designated for a multiorganization project. The sooner communication patterns are established, the less confusion and delay there will be due to reduced hypothetical distance. Rule making and acceptance require the involvement of all team members, and such self-governance ensures free voices and flat structure to maximize the creativity and productivity. The reduced social distance makes team size no longer the major constraint of virtual collaboration. Together with minimized spatial distance from the use of mobile social media, experts all over the country and even from other parts of the world may be invited as formal or ad hoc members to address emerging issues.
The equal and open environment is conducive to collaboration effectiveness and project success. Finally, the timely delivery of outcomes demands the reduction of temporal distance, which can be achieved by breaking down a big task into smaller tasks. With the due dates of closer tasks in sight, members are likely to be motivated and their attentions focused.
This study has limitations. WeChat is the single collaboration tool chosen for its high population penetration in China, which also explains why the participants are from the same country. Narrowing the scope down to one technology in one country helps filter out the extraneous variance induced by different technological characteristics and cultural/economic influences. Yet the generalizability of the findings may be questioned whether they are applicable to various collaboration tools used in different countries. The limitations point to the directions of future research.
Conclusion
This study examines virtual team development from collaboration tool use to group dynamics involving procedure, relationship and task in the context of virtual collaboration complexity along space, scale, and time dimensions. It hypothesizes and tests the direct and mediating relationships among collaboration tool effectiveness, procedure agreeability, contextual performance and task performance, as well as the moderating effects of geographic dispersion, team size, and project duration. The empirical evidence supports most of the hypothesized relationships, and sheds lights on the best practices of using emerging mobile social media to optimize virtual team performance.
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